INTRODUCTION
uantum mechanics is the basis for most computational chemistry calculations. Quantum mechanics was developed due to the inadequacies of classical mechanics in describing the behaviors of relatively small systems such as electrons and atoms and their characteristic wavelike properties. Quantum mechanics complements the classical mechanics because it takes into full consideration the wavelike properties of matter while finding solution to chemical problems. Quantum mechanics forms the bedrock on which most computational chemistry calculations are built (Etim et al., 2016; 2017) .
Computational chemistry applies the principles of mathematics and the theory principles to finding solution to chemical problems, it is a tool employed by researchers to probe structure, kinetics, reactivity and general properties of molecules. With respect to molecular spectroscopy, computational chemistry has its applications in at least two contexts, analyses of vibration rotational spectra of diatomic molecules (Ogilvie, and Oddershede, 2005) and of vibrational spectra of polyatomic molecules (Wu et al., 2009) . The calculations involved might be based on classical or quantum mechanical theories, but their application invariably has as its objective an observable property such as wavenumber or intensity of spectral lines.
The diatomic molecule, Silicon monoxide (SiO) is the most common oxide of Si. It is a known interstellar molecular species having been detected in different stellar objects (Gibb et al., 2007; Jutzi and Schubert, 2003) . On cooling, SiO gas condenses to form a brown/black polymeric glassy material, (SiO)n, which is available commercially and used Q ABSTRACT The advances in science and technology have led to a number of innovations with scientific benefits. One of such is the field of computational chemistry. Apart from guiding experimental investigations in different areas, computational chemistry remains a unique research area with diverse applications. This work reports the results of quantum chemical calculations carried out on Silicon Monoxide (SiO) and two of its possible protonated analogues; HSiO + and HOSi + using five different computational methods ranging from the simple Hartree Fock method to the coupled cluster method including the G4 compound method with different basis set. Bond distance, rotational constants, dipole moment, infrared frequency and zero point vibrational energy have been computed for the three molecular species examined in this study. The results obtained for the different parameters are in good agreement with available experimental values. The high accuracy of the obtained results paints a good picture for the predicted values for the protonated analogues (HSiO + and HOSi + ) whose experimental data are lacking. The optimized geometries show that all the three molecular species are linear in all the computational methods employed in this study. The present study has helped in filling the gap currently existing in literature regarding these molecular species especially the protonated analogues which are less studied experimentally because of their unstable nature since they are ions.
to deposit films of SiO. However, since it was discovered, amorphous SiO has been the subject of much investigation and controversy (Mabery, 1887) . In particular, the atomic structure of SiO has been debated for nearly a century despite numerous experimental and theoretical efforts devoted to this problem. It has been deduced that amorphous silicon monoxide undergoes an unusual disproportionation by forming silicon-and silicon-dioxidelike regions. Studies on the nature of Silicon Monoxide at 1 atm and elevated pressures showed that the absence of a crystalline SiO phase under ordinary conditions was an anomaly in the sequence of group 14 monoxides. The researchers explored theoretically ordered ground-state and amorphous structures for SiO at P=1atm, and crystalline phases also at pressures up to 200 GPa (Khalid et al., 2014) .
As seen above, there are a few experimental studies on the neutral diatomic species, SiO. However, there is dearth of information on quantum chemical studies on silicon monoxide and its protonated analogues. Thus, this research work aims at using different computational methods to determine some of the parameters (such as rotational constant, dipole moment, bond distance, IR Frequency, zero-point vibrational energy) of these molecular species. Protonated molecules or ions are less studied experimentally as compared to their neutral analogues because of their unstable nature.
METHODOLOGY
The Gaussian 09 suit of program is applied for all the calculations reported in this work (Frish et al., 2009) . Different computational methods have been employed in this study; these include the Hartree Fock (HF), B3LYP, the MP2 method, the CCSD and the Gaussian 04 compound method (Etim and Arunan, 2015; 2016; 2017; Etim, et.al., 2016; 2017) . The choice of these methods is based on experience as some methods perform well for some properties than other methods. Thus there is need for comparison of methods to determine which is better for a particular parameter. The cc-pvdz and the 6-311++G** basis sets are used. The reported results are for stable molecules with no imaginary (negative) frequency. This is confirmed with the frequency calculations. Figures 1a to 1f show the optimized structures of SiO at the six different methods (HF/6-311++G**, B3LYP/6-311++G**, MP2/6-311++G**, MP2/cc-pVDZ, CCSD/cc-pVDZ and G4) employed in this study. All diatomic molecular species are obviously linear. This is observed here for SiO in all the six methods. Figures 2a to 2f in the appendix display the optimized geometries of HSiO + at the six different methods; HF/6-311++G**, B3LYP/6-311++G**, MP2/6-311++G**, MP2/cc-pVDZ, CCSD/cc-pVDZ and G4 respectively while Figures 3a to 3f in the appendix depict the optimized geometries of HOSi + at the six different methods in that order. Surprisingly, both protonated analogues are found to be linear in all the six computational methods employed in this study. Table 1a shows the bond distance obtained for Silicon Monoxide, SiO with the six different methods employed in this study. The experimental distance of 1.510Å (NIST Website) obtained for SiO bond distance is in excellent agreement with the value of 1.513Å computationally obtained with the G4 compound method. The difference between the experimental and the calculated bond distance of SiO ranges from 0.003 to 0.051Å in all the methods employed in this study. Tables 1b and 1c Rotational Spectroscopy: Unlike other spectroscopic techniques with numerous applications, rotational spectroscopy has few but unique applications. One of such is in the chemical examination of the interstellar medium (the matter that exists in the space between stars) as majority of the known interstellar molecular species are astronomically observed via their rotational transitions. Since the three molecular species investigated in this study, they are all expected to have one and only one rotational constant each. + are accurate enough to guide the laboratory studies and possible astronomical searches for these molecular species. Dipole moment remains a vital parameter whenever rotational spectroscopy is discussed. For a molecule to be microwave active (i.e it rotational/microwave spectrum can be measured), it must possess a permanent dipole moment else it will be termed as microwave in active. Dipole moments have been calculated for all the molecular species examined in this study. Table 2c contains the dipole moment obtained for SiO with the six different computational methods. The experimental value of 3.099 Debye compares favourably with the predicted value of 3.283Debye obtained with the B3LYP/6-311++G** method. Table 2c contains the dipole moment for obtained with the different computational methods employed in this study. Just like the rotational constants are difficult to measure for ions and unstable species, the same difficulty (if not more because it's not every microwave spectrometer that measures dipole moment) is observed in the measurement of dipole moment for ions or unstable molecular species. As a result of this challenge, there is dearth of information regarding the dipole moments for these protonated molecular species, HSiO + and HOSi + . Table 2c contains the dipole moments computed for these ions using the different computational methods employed in this study. As in the case of the neutral species, the values predicted with the B3LYP/6-311++G** method are believed to be very accurate. according to the NIST website. Table 3a contains the vibrational frequency calculated for the SiO molecule. The value of 1239cm -1 predicted with the B3LYP/6-311++G** method is in excellent agreement with the experimental value. Thus for the protonated analogues or related molecular species with no experimentally measured vibrational frequencies, this method could be used to predict their vibrational frequencies that could be in good agreement with the experimental values (where available). Figures 4a and 4b depict the infrared spectra of HSiO + and HOSi + at HF/6-311++G** level respectively. According to the NIST website, the vibrational zero-point energy (VZPE) has been experimentally measured to be 1.775kcal/mol. As shown in Table 3c , the value of 1.772kcal/mol predicted by the B3LYP/6-311++G** is in very good agreement with the experimental value. As would be expected, there are no experimental data for the vibrational zero-point energy for the protonated species HSiO + and HOSi + . Table 3d shows the VZPE for HSiO + and HOSi + species. The values predicted at the B3LYP/6-311++G** method are believed to be accurate as seen in the case of the neutral species. , CCSD and G4 have been employed with the 6-311++G** and cc-pVDZ basis sets. Different parameters such as bond distance, rotational constants, dipole moment, infrared frequency and zero point vibrational energy have been computed for the three molecular species investigated in this work. For the neutral species in which some of the parameters have been experimentally measured, the calculated values at the B3LYP level of theory with the 6-311++G** basis set are in good agreement. The accuracy of the obtained results paints a good picture for the predicted values for the protonated analogues (HSiO + and HOSi + ) whose experimental data are lacking. From the results, optimized geometries show that all the three molecular species are linear in all the computational methods employed in this study. Etim, E. E and Arunan, E. (2016) . Interstellar isomeric species:
RESULTS AND DISCUSSION
Energy, stability and abundance relationship. EPJ-P., 131: 448.
Vibrational spectrum
Frequency, cm**-1 4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 
